This paper considers power transfer between two fluid power circuits such that a failing pressure in one of them is improved by power transfer from the other circuit. The two coupled axial piston machines are effectively driven by the pressure differential across the two machines and particular features are required for the unit to operate successfully. Steady state theory is presented that may be used to select the relative displacement ratios and the range predicted is compared with those typically found in aircraft applications.
INTRODUCTION
This approach is used to ensure that pressure is maintained in a circuit in the event of an unacceptable or unexplained drop in pressure, and is used in aircraft applications. Another existing healthy circuit is used to supply flow to the faulty circuit in a manner that attempts to restore the faulty pressure as close as possible to its normal healthy value. The approach is shown in figure 1. For the purpose of example, healthy circuit a provides make-up flow rate to faulty circuit b via the Power Transfer Unit (PTU), the left hand side of the PTU acting as a motor and the right hand side of the PTU acting as a pump. The PTU rotates due to the net pressure differential across the motor unit being greater than the net pressure differential across the pump unit. This creates a torque unbalance beyond the friction value when one circuit pressure changes due to a fault condition. In practice, a variable displacement axial piston machine is used together with a bent axis fixed displacement piston machine. The machine acting as a motor must have a displacement greater than the machine acting as a pump. As the direction of power transfer is changed then the swash-plate stroke of the Power supply a Power supply b Figure 1 Power transfer using reversible axial piston units variable displacement machine must also be changed. Power transfer is from left to right due to a pressure drop in supply line 2 relative to supply line 1. Therefore the machine at the left hand side is acting as a motor and the machine at the right hand side is acting as a pump.
There is little to no published information on PTUs and the following analysis is based upon well established steady state pump/motor theory. Some SAE and patent information may be found in [1] [2] [3] [4] [5] [6] [7] . It will be deduced for patent information that there are some complex mechanisms developed to create displacement ratio change, and the dynamic behaviour of a PTU is also complex. The steady state theory presented here has resulted from the author's involvement with a particular manufacturer, but precise details cannot be disclosed. The approach is therefore generalized, but results are compared with typical SAE data.
THEORY
Consider therefore the following theory [8] [9] [10] [11] 
Assuming that both identical PRVs are in operation on both power supply sides then a linear flow rate/pressure drop characteristic may be used to give:
For the purpose of identifying unique features of a PTU performance, a suddenly-demanded flow rate Qb at side 2 will be used while the load flow rate at side 1 is zero. Therefore, flow rate continuity on each side then gives:
It is well established that a PTU performs better if the pump displacement is less than the motor displacement, so let: If the PRV cracking pressure is 210bar, then the operating pressure for no-load is not 220bar but = 219bar when the PTU losses are included.
To fully understand how a PTU operates it is necessary to consider particular conditions of speed and pressure.
The condition for zero speed From (14) 
The example conditions are shown in figure 2 for various load flows and figure 3 for a particular load fl ow Qb= 0.5. It will be preferable for the displacement ratio to be closed towards the lower end of the operating range.
Considering figure  3 for the specific load flow rate:
A displacement ratio beyond 0.882 will not allow the PTU to rotate and power transfer will not exist.
As the displacement ratio decreases below 0.882 the pressure differential increases and the PTU speed increases.
The supply pressure P1 continually decreases and the pressure to be compensated P2 increases as required.
As the displacement ratio decreases further the speed rises to its maximum when the supply pressure P1 reaches the PRV setting and the equations then do not apply.
A lower displacement ratio therefore ensures that the driving pressure differential lies beyond the friction dead-band.
The PTU speed decreases linearly with increasing displacement ratio for bi-directional operation with variable displacements.
0.76<E<0.88 suggested from the theory presented.
For a variable displacement PTU, a swash-plate adjusting control system is required to change the displacement ratio of the in-line axial piston unit depending on the direction of power transfer, figure 4. The displacement ratio would be changed around the neutral position, when no PTU action is needed. Hydromechanical control system is normal practice, and integral with the variable displacement unit, to change swashplate position in the correct direction from neutral. 
CONCLUSIONS

